V ascular dementia (VaD) is the second most common type of dementia, but there are currently no medications approved for its treatment in most countries. 1 The acetylcholinesterase inhibitor donepezil is indicated for the treatment of Alzheimer disease (AD), and it significantly improves cognition, global functioning, and activities of daily living. 2, 3 As with AD, cholinergic deficits and disruption of cholinergic pathways occurring in some patients with VaD may contribute to cognitive impairment. 4 Two prior donepezil studies in VaD demonstrated significant cognitive improvement but inconsistent benefits in global functioning. 5, 6 Consequently, this large study was undertaken to further evaluate the potential benefits of donepezil in VaD. Several important methodological changes were incorporated into this trial, including the exclusive use of low-dose donepezil (5 mg/d) to reduce withdrawals due to adverse events (AEs) and the addition of 2 items to the AD Assessment Scale-Cognitive Subscale to better assess executive function, an area particularly affected in VaD. 7 As in prior studies, VaD was diagnosed according to National Institute of Neurological Disorders and Stroke-Association Internationale pour la Recherche et l'Enseignement en Neurosciences criteria 8 (Table 1 ). The current trial used a central neuroimaging reader to determine eligibility, ensure consistent application of the neuroimaging criteria, and assign a probable or possible VaD diagnosis.
In cases with adequate magnetic resonance imaging (MRI) studies, a prespecified subgroup analysis of hippocampal volume was performed according to Scheltens' scores. 9 This analysis was undertaken to investigate the extent to which hippocampal atrophy (HA) was present in this rigorously selected VaD population.
Methods

Study Design
This investigation was a randomized, double-blind, placebocontrolled, 24-week study conducted from March 2003 to August 2005 at 111 centers in 9 countries.
Patients
Participants were outpatients (age 35 to 94 years) with possible or probable VaD per National Institute of Neurological Disorders and Stroke-Association Internationale pour la Recherche et l'Enseignement en Neurosciences criteria (including brain imaging), had been stroke-free for Ն3 months, had not taken acetylcholinesterase inhibitors or memantine for at least 6 weeks, and did not have unstable medical conditions. Entry criteria were similar to those of prior studies of donepezil in VaD. 5, 6 Cholinomimetics and anticholinergics were not allowed; sympathomimetics and antihistamines were disallowed for 48 hours before visits.
Written, informed consent was obtained from participants in compliance with the Declaration of Helsinki and the independent ethics committee or institutional review board at each site.
Protocol
Participants were randomly assigned 2:1 to donepezil 5 mg or placebo once daily. Subjects without an MRI or CT scan in the previous 12 months had one during the screening period. A central reader from Synarc Inc evaluated and categorized all scans obtained for this study (Figure 1 ).* Scans were performed routinely at each site and were considered adequate if they were of sufficient technical quality to be accurately read for purposes of determining study inclusion. After receiving this imaging information, investigators considered the clinical history, examination, and laboratory evaluations to assign the designation of "probable VaD" or "possible VaD." Semiquantitative rating of hippocampal volume according to Scheltens' score was performed in cases with adequate MRI scans (all readings performed by C. DeCarli). 9 
Outcome Measures
Primary Efficacy Assessments
The coprimary efficacy outcome measures were scores on the Vascular AD Assessment Scale-Cognitive Subscale (V-ADAScog) 10 and the Clinician's Interview-Based Impression of Change, plus carer interview (CIBIC-Plus) 11 performed at baseline and at weeks 6, 12, 18, and 24 (or at the end of the trial). V-ADAS-cog comprised the ADAS-cog 12 plus the Maze and Number Cancellation test (NCT) to specifically assess executive function. 13 
Secondary Efficacy Assessments
Secondary efficacy end points included the ADAS-cog, Mini Mental State Examination (MMSE), 14 executive clock-drawing task (CLOX 1/2), 15 Executive Interview (EXIT25), 16 Disability Assessment for Dementia (DAD), 17 and Clinical Dementia Rating-Sum of Boxes (CDR-SB). 18 MMSE and CDR-SB were performed at baseline and at *One expert reader at Synarc evaluated approximately the first 500 patients in the study, in conjunction with an eligible reader. The remaining scans were read by the eligible reader, and these readings were validated on an ongoing basis by adjudication of 10% of randomly selected patients by the expert reader (random selection was done by the data entry system). weeks 12 and 24/trial end; EXIT25, CLOX, and DAD were performed at baseline and at week 24/trial end.
Safety
Safety and tolerability were assessed for all randomized patients who received the study drug (safety population). AEs were considered serious (SAEs) according to standard criteria. 19 Safety assessments included vital signs, physical and neurologic examination findings, clinical laboratory test results, and ECG abnormalities. Prior and concomitant medications were recorded.
Statistical Analysis
Determination of sample size (Nϭ880) was based on pooled results of the CIBIC-Plus from 2 trials of donepezil in VaD patients 5, 6 plus estimates of standard deviation from interim blinded data analyses. For a 2:1 donepezil:placebo randomization ratio, with a 2 test (Cochran-Mantel-Haenszel) and an ␣ significance level of 0.05 (2 tailed), this sample size provided 90% statistical power to distinguish between the groups when the proportions in the 7 categories of the CIBIC-Plus are characterized by an effect size of 0.024, and with an assumed common standard deviation of 1.13.
Analyses were performed according to the intent-to-treat (ITT) population, defined as all patients in the safety population having a baseline and at least 1 postbaseline assessment for at least 1 primary efficacy measure, and the last-observation-carried-forward method. Differences between treatment groups for continuous efficacy measures were assessed by ANCOVA models with type III sums of squares including baseline, treatment, and center as factors. CIBIC-Plus was analyzed with the Cochran-Mantel-Haenszel procedure, stratified by centers. ANCOVA was used to test for sensitivity of the CochranMantel-Haenszel procedure. ANCOVA or Fisher's exact tests were used to analyze changes in vital signs, clinical laboratory tests, and AEs.
Subgroup analyses of primary and selected secondary efficacy outcomes, including V-ADAS-cog total score, CIBIC-Plus overall change, ADAS-cog, DAD, and NCT, were performed with ANCOVA for patients grouped by hippocampal size (Scheltens' scores Ͻ2 indicate relatively normal-size hippocampi [NH]; scores Ն2 indicate HA). 9 SAS version 8 or higher was used for analyses. All statistical tests were 2 tailed and were performed at the 0.05 significance level.
Results
Subject Disposition
Of 1320 patients screened, 974 were randomly assigned to treatment with donepezil (nϭ648) or placebo (nϭ326) and received at least 1 dose of the study drug (safety population); 949 patients were in the ITT population ( Figure 2) . Overall, 84.0% of patients completed the study; meanϮSE duration of exposure was 149.7Ϯ1.8 days for donepezil and 156.5Ϯ2.0 days for placebo. Mean study medication compliance was 97% in both groups at week 24. A greater percentage of patients in the donepezil group discontinued treatment because of an AE (11.0% vs 5.5%). Table 1 summarizes the baseline demographic and clinical characteristics of the safety population. The majority of patients had a clinical profile highly consistent with a diagnosis of VaD: high rates of atherosclerosis, hypertension, and stroke/transient ischemic attacks. Dementia severity was mild (mean Mini Mental State Examination score, 23.5); cardiovascular disease history and baseline efficacy assessments were similar in both groups (Table 1 and Supplemental Table I available online at http://stroke.ahajournals.org). The donepezil group had a higher proportion of men and patients age Ն75 years. Figure 1 illustrates the central reader brain imaging classification. After incorporation of the history and examination results, 71.4% of patients had possible VaD and 28.6%, probable VaD, divided similarly in the placebo and donepezil groups. The percentage of patients with HA was slightly Ͼ50% in both groups (Table 1) .
Baseline Characteristics
Efficacy
Primary Efficacy Measures
Patients treated with donepezil showed significant improvement compared with those taking placebo on the V-ADAS-cog at end point and at all time points except week 6 ( Figure 3A) . The least-squares meanϮSE change from the baseline total score at end point was Ϫ1.03Ϯ0.25 (donepezil group) and 0.12Ϯ0.35 (placebo group), indicating a slight improvement in those receiving donepezil and relative stability in the placebo group.
No difference between donepezil and placebo was demonstrated for CIBIC-Plus at end point for the ITT population (Pϭ0.23; Figure 3B ), but Cochran-Mantel-Haenszel analysis of the distribution of CIBIC-Plus responses did favor donepezil at weeks 18 (PϽ0.001) and 24 (PϽ0.05). ANCOVA confirmed significance at week 18 but not at week 24 (data not shown).
HA Subgroup Analysis
Of the 681 subjects with adequate MRIs for hippocampal analysis, 369 (54%) had HA and 312 (46%) had NH. HA ratings were equally distributed between the donepezil and placebo groups (Table 1 ). There were no significant differences between placebo and donepezil in baseline scores on any of the outcome measures evaluated for this subgroup analysis (V-ADAS-cog, CIBIC-Plus, NCT, ADAS-cog, or DAD). However, mean baseline scores on each of these measures, except CIBIC-Plus, were consistently and significantly better in patients with NH than in those with HA (Supplemental Table II , available online at http://stroke.ahajournals.org).
A differential treatment response based on hippocampal volume was also found for V-ADAS-cog. In the NH group, a significant treatment difference at end point favoring donepezil was observed (donepezil, Ϫ2.11Ϯ0.42; placebo, Ϫ0.80Ϯ0.53; Pϭ0.04; Figure 3C ). In contrast, patients with HA showed worsening in the placebo group but slight improvement in the donepezil group, which also resulted in a significant treatment benefit at end point (placebo, 1.44Ϯ0.67; donepezil, Ϫ0.56Ϯ0.50; Pϭ0.01; Figure 3D ). There were no significant differences in the CIBIC-Plus on the basis of hippocampal volume at end point for either group, but in the NH group, significant treatment differences favoring donepezil were observed at weeks 12 and 18 (Pϭ0.03; Supplemental Table II) .
Secondary Efficacy Measures
Significant treatment differences favoring donepezil were demonstrated at end point for the ADAS-cog and Mini Mental State Examination (Table 2) . DAD scores showed significantly greater improvement in the donepezil group at week 24 (leastsquares mean differenceϭ2.24; 95% CI, 0.36 to 4.12; Pϭ0.02) and a trend at end point (Pϭ0.06). At end point, a treatment difference favoring donepezil was demonstrated on the NCT. No significant differences were observed on the CLOX, EXIT25, Clinical Dementia Rating-Sum of Boxes, or Maze.
Safety
Incidence of AEs was similar in the donepezil (80.7%) and placebo (77.6%) groups; commonly occurring AEs included nausea, anorexia, abdominal pain, diarrhea, abnormal dreams, hypertonia, and leg cramps (Table 3) . Most were transient and mild to moderate in severity. AEs were assessed by the investigator as probably/possibly related to the study drug in 29.5% of cases for donepezil and 26.4% of cases for placebo. The most common AEs in this category were diarrhea (donepezil, 8.1%; placebo, 3.1%) and nausea (donepezil, 7.1%; placebo, 2.4%).
Similar numbers of patients in both groups had at least 1 SAE (Table 3) without between-group differences in frequency of SAEs (donepezil, 6.6%; placebo, 5.8%; Pϭ0.77). Overall, 59 patients experienced cardiovascular or cerebrovascular SAEs. No clinically meaningful changes from baseline in systolic and diastolic blood pressures, pulse, or ECG were observed in either group.
Eleven patients in the donepezil group and no patients in the placebo group died during the study or within 30 days of the last dose of the study drug. Ten of these deaths were preceded by a serious treatment-emergent AE, including 4 strokes and 3 cardiovascular events. Three of the 11 deaths were assessed by the investigator as possibly related to the study drug (bradycardia, myocardial infarction, and death of unknown etiology). Analysis of the Antithrombotic Trialists' Collaboration 20 end point (comprising nonfatal myocardial infarction, nonfatal stroke, and vascular death) indicated no between-group difference (hazard ratioϭ1.13; 95% CI, 0.50 to 2.59; Pϭ0.83). Kaplan-Meier time-to-event analysis also demonstrated no between-group difference (hazard ratioϭ1.17; 95% CI, 0.51 to 2.69; Pϭ0.87).
Discussion
This study, the largest clinical trial of donepezil in VaD patients, did not demonstrate significance on both coprimary end points. Small but significant improvement was observed in donepezil-treated patients on the V-ADAS-cog, but no difference was seen on the CIBIC-Plus. Mild impairment at baseline may have created a ceiling effect on the CIBIC-Plus, an instrument that may lack the ability to detect small clinical improvements. Nonetheless, these results are consistent with 2 prior donepezil VaD trials, 5, 6 suggesting that donepezil may have a greater impact on cognitive than global outcomes in VaD. Results of galantamine and rivastigmine VaD trials also demonstrated significant improvement in cognition, more so than in activities of daily living. 21, 22 There were 2 main findings from the hippocampal volume subgroup analysis: first, that the NH group had better function at baseline, and second, that there was a differential response pattern in the NH subgroups compared with the HA subgroups. In the placebo HA subgroup, baseline-to-end-point mean V-ADAS-cog scores worsened (1.44Ϯ0.67), whereas in the placebo NH subgroup, scores improved slightly (Ϫ0.80Ϯ0.53). Baseline-to-end-point mean V-ADAS-cog scores improved in both donepezil subgroups, but more so in the NH subgroup (Ϫ2.11Ϯ0.42) than in the HA subgroup (Ϫ0.56Ϯ0.50). Thus, although there was a significant treatment effect in the HA (Ϫ2.00Ϯ0.72, Pϭ0.01) and the NH (Ϫ1.31Ϯ0.56, Pϭ0.04) groups, the effect was driven largely by a decline in the placebo HA group and benefit in the donepezil NH group. These results underscore the important role that HA may play in influencing disease course, as recently shown in another large sample of VaD patients 23 as well as the pattern of treatment response, and support the growing body of evidence showing that mixed pathology is common in older patients with dementia. 1, 4, 24 Although covert comorbid AD may be 1 source of HA in this rigorously selected VaD population, HA may also be a result of hippocampal sclerosis, cardiovascular disease itself, or other causes. This topic deserves further investigation.
We standardized the decision tree to determine probable versus possible VaD by including a central MRI/computed tomography reader and by making imaging the first step in classification. This gave more weight to imaging over clinical findings in the determination of possible versus probable VaD, in contrast to prior donepezil clinical trials that relied primarily on the principal investigator's clinical judgment. This may explain the high ratio of possible to probable VaD cases in this study. Interestingly, results for both primary outcome measures were similar regardless of assignment to probable or possible VaD, calling into question the utility of this distinction.
Regarding executive dysfunction, no significant treatment effects were observed for EXIT25 or CLOX, whereas a significant difference favoring donepezil was observed on the NCT. No difference was seen on the Maze, most likely because of a ceiling effect. For activities of daily living, which are strongly predicated on executive function, a significant difference was observed on the DAD at week 24 but not at end point. These data indicate that donepezil treatment has a variable effect on executive function and activities of daily living in VaD patients, extending similar findings from prior donepezil trials in VaD. 5, 6 A recent study of donepezil in patients with cerebral autosomal-dominant arteriopathy with subcortical infarcts and leukoencephalopathy, 25 a genetic form of pure subcortical ischemic VaD characterized primarily by executive dysfunction, showed that donepezil (5 to 10 mg/d) had no effect on V-ADAS-cog but had a significant effect on certain measures of executive function: EXIT25 and Trails B. These subjects were younger (mean age, 57 years), and Ϸ75% had no clinically significant memory dysfunction, which may partly explain the lack of benefit on the V-ADAS-cog. The positive effect on executive function, however, indicates some cholinergic deficit in executive dysfunction.
Eleven deaths occurred during the study or within 30 days of last dose, all in the donepezil group, which comprised two thirds of randomized patients. This was unexpected, necessitating a thorough analysis. First, we identified a difference between the placebo and donepezil populations that may have been associated with differential mortality, namely, that the percentage of patients age Ͼ79 years was higher in the donepezil group, and of the 11 fatalities, 8 were in this age range. Second, we examined whether the mortality rate in the donepezil group in this trial was elevated compared with either donepezil or placebo groups in prior VaD trials. The average mortality rate in the donepezil group in the 2 previous VaD studies, which included a 10-mg/d arm, was identical to that observed in this study (1.7%), whereas the rate in the placebo group was higher (2.0%). 5, 6 Third, we analyzed data from this study and the 2 previous VaD studies combined, which showed that (1) the difference in mortality rates between the donepezil group and the placebo group was nonsignificant (1.7% vs 1.1%) and (2) the difference in time to death between deceased patients who received donepezil versus placebo was also nonsignificant (Kaplan-Meier analysis). Fourth, we noted that of the 11 deaths in this study, only 3 were assessed by the investigator as possibly related to the study drug, including 1 case of bradycardia, which has been associated with acetylcholinesterase inhibitor therapy. 26 Finally, we compared mortality in this study with that in the general population from World Health Organization all-cause annual mortality rates per 100 000 population for 2 representative countries in which this study was conducted. † 27 We found that mortality in the done†We averaged these rates (United States, age 65-74 years, menϭ2979.6, womenϭ1921.1; age Ն75, menϭ9088.3, womenϭ7657.9; Germany, age 65-74 years, menϭ2887.7, womenϭ1475.7; age Ն75, menϭ9317.1, womenϭ7788.1) to approximate the expected annual mortality per 100 000 for our cohort, obtained an estimate of 5388, and adjusted this rate on the basis of the period of observation (eg, placebo patients were enrolled for a median of 168 days and deaths were counted for 30 additional days). The resulting mortality rates correspond to 9 expected deaths in the placebo group and 19 in the donepezil group.
pezil group was consistent with that in the general population (expected deaths, 19; observed, 11), whereas mortality in the placebo group was not (expected, 9; observed, 0). Taken together, these data suggest that the observed difference in mortality rates may have resulted primarily from the smaller sample size of the placebo group not adequately representing the actual mortality rate in this elderly population.
The rates of treatment-emergent AEs, AEs potentially attributable to the study drug, and SAEs were similar in both groups. AEs observed significantly more frequently in the donepezil group were consistent with its cholinergic activity, as described on the product label and in previous clinical trials.
This study had several limitations. First, the absence of a 10-mg/d donepezil group might have reduced the chance of obtaining more complete efficacy. However, in previous donepezil VaD studies, the marginal increase in early terminations owing to AEs in the 10-mg/d group was greater than the marginal increase in efficacy compared with the 5-mg/d group. 5, 6 Second, the large proportion of patients age Ն75 years probably increased the overall admixture of other potential sources of cognitive impairment, as demonstrated by hippocampal evaluation. Third, substantial variability in imaging information resulted from using both computed tomography and MRI images and site-based imageacquisition procedures. Ideally, all patients would have had an MRI scan at study entry according to a uniform imageacquisition protocol, including hippocampal assessment. Finally, strict adherence to the National Institute of Neurological Disorders and Stroke-Association Internationale pour la Recherche et l'Enseignement en Neurosciences neuroimaging criteria might have skewed the diagnosis of possible versus probable VaD; these criteria will require reevaluation.
In summary, patients treated with donepezil demonstrated small but significant improvements on primary and secondary measures of cognitive, but not global, functioning. AEs associated with treatment were consistent with donepezil labeling. Mortality in the placebo group was unexpectedly low. Although the clinical profile of patients in this study was characteristic of VaD and was notably different from that of patients enrolled in AD trials, a prespecified subgroup analysis showed a differential dementia severity and therapeutic response to donepezil based on the presence versus absence of HA. This finding suggests that evaluating hippocampal volume may be helpful in understanding VaD.
